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FOREWORD

The spacecraft reference trajectory for Mission G is composed of

five volumes which summarize the lunar landing missions for a three-

month launch period (July, August, and September, 1969). The contents

of each volume are briefly described below:

i. Volume I - Reference Mission Profile (launched August 14, 1969):

Detailed mission description of the first launch opportunity, first

injection opportunity in the August 1969 launch window. MSC IN 68-FM-196,

August 9, 1968.

2. Volume II - Reference Mission Profile Trajectory Parameters

(launched August 14, 1969): Listing of significant trajectory parameters

computed at selected time points during each phase of the same typical

mission described in Volume I. MSC IN 68-FM-197, August 16, 1968.

3. Volume III - Mission Summaries: July 1969 Launch Window:

Slnmmaries of CSM trajectory parameters at selected time points for

each launch date in the July 1969 window. The LM trajectory phases

were not simulated for this month. MSC IN 68-FM-198, August 16, 1968.

4. Volume IV - Mission Summaries: August 1969 Launch Window:

Summaries of CSM trajectory parameters at selected time points for

each launch date in the August 1969 window. This volume also contains

LM trajectory summaries for the first launch opportunity, first

injection opportunity on each day. MSC IN 68-FM-199, August 16, 1968.

5. Volume V - Mission Summaries: September 1969 Launch Window:

Summaries of CSM trajectory parameters at selected time points for

each launch date in the September 1969 window. The LM trajectory

phases were not simulated for this month. MSC IN 68-FM-200,

August 16, 1968.
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APOLLO MISSION G SPACECRAFt REFERENCE TRAJECTORY

VOLUME V - MISSION SUMMARIES: SEPTEMBER 1969 LAUNCH WINDOW

By Lunar Mission Analysis Branch

SUMMARY

This is the fifth volume of the G mission reference trajectory.

Volumes I and II provide a detailed description of one typical lunar

landing mission, the first opportunity in the August 1969 launch window.

This volume, Volume V, amd Volumes III and IV summarize the lunar

missions for the three monthly launch windows; July, August and September
1969, respectively. These volumes contain summaries of discrete missions

throughout the monthly windows and stmlmaries of significant trajectory

parameters as a function of launch azimuth for each daily window.

This volume summarizes the missions for the September 1969 launch

window. However, to show the variation of particular mission character-

istics from one month to the next, certain parameters are presented

for each monthly window. The three monthly windows are also discussed
jointly in the evaluation section.

Volume IV (August Mission Summaries) includes the LM trajectory

data for the first mission for each August launch date. Only these four

missions are presented since the LM trajectory is most dependent upon

lunar site longitude and is essentially independent of launch month
and launch azimuth.

In evaluating the missions over the three-month period, there are

several significant points of interest. Based on spacecraft performance,

the July window was designed for Pacific injections and the August and

September windows were designed for Atlantic injections resulting in

night launches for these last two months. Besides the night launch

implication associated with the Atlantic injection window, the operational

support for Atlantic injections is limited. These considerations are

covered in more detail in the reference trajectory evaluation section.



INTRODUCTION

Ten discrete missions were generated for each launch date; they
consist of two injection opportunities for five selected launch
azimuths within the azimuth ranges shownin table I. The mission
constraints and guidelines, spacecraft weights and AVbudget used in
generating the missions are consistent with those used in VolumeI.

Guided entry trajectories were not computedfor these missions.
The touchdownpoints presented were predicted using a fixed entry
range of 2000n. mi. and a fixed time from entry to touchdown of
15 minutes.

LAUNCHWINDOWDESCRIPTION

Table I summarizesthe launch window configuration for each monthly
window; table II gives the selenographic coordinates of the lunar landing
sites. The sun elevation angles at time of lunar landing for each mission
are given in table III.

For the transposition and docking phase, a standard local horizontal
attitude was selected for each launch day to meet the communications,
tracking, and lighting constraints.

Since the decision has been madeto Jettison the spacecraft LM
adapter (SLA) panels on the S-IVB prior to T&D, the lighting constraint
as presented in the AS-504 and SubsequentMissions Joint Reference
Constraints was asst_uedto be invalid. For this reference trajectory,
the lighting constraint was assumedto be that the angle between the
+X-axis of the S-IVB and the sun should not be greater than 90° or less
than 30° . There was no conflict between the attitude requirements for
the communication and lighting constraints.

The local horizontal maneuversand the vehicle-sun look angles are
given in tables IV through VII. The launch vehicle IU gimbal angles are
also presented for information only. These gimbal angles were computed
using an approximation of the launch vehicle phase of the mission and
do not accurately represent the proper launch vehicle IU alignment.

This approximation of the launch vehicle trajectory should be
kept in mind for all parameters associated with launch vehicle mission
phases. Theseparameters are presented only to show typical variations
and are not official.
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The symbols and terms used in this volume are defined in table VIII.

Tables IX through XII present the mission summarieswhich provide
chronological trajectory data for each mission. These data are presented
in parameter "blocks" for selected points during a particular mission.
Each parameter block of a specific mission begins with an identification
number for that mission. The first digit designates the month of launch;
the following digits give the launch day, launch azimuth, and injection
opportunity, respectively.

Tables XIII through XVI present trajectory parameters as a function
of launch azimuth at selected points during all missions for a particular
launch date. The first column of each parameter block lists the launch
azimuth, followed by the injection opportunity; subsequent columns list
parameters corresponding to this launch azimuth. This allows one to
quickly trace the value of a given parameter throughout the daily launch
window.

In cases where more parameters are included for a specific point
in the mission than there are columns available in one print block,
parameters for that point have been divided into two print blocks.

Figures i through 4 show the behavior of significant trajectory
parameters as a function of launch azimuth for the 4 daily launch
windows in the month. The significance of most of the data is evident.

Figures (g) through (j) for each launch date show the nodal target
parameters as a function of launch azimuth. These parameters are currently
being considered as targets for the midcourse correction processor in
the Real Time ComputerComplex.

The SPSpropellant reserve figures [figure (o) for each day] are
provided to showthe typical variation across each launch window. These
values do not represent realistic reserves since the total SPSAV budget

was not taken into account. The only off-nominal fuel allowances made

were for the translunar and transearth midcourse AV's (120 and 62 fps

respectively). These reserves do not reflect guidance dispersions, LM

rescue requirements, changes in lunar orbit stay time, etc.



EVALUATION

The reference trajectory demonstrates the capability of the launch
vehicle and spacecraft to meet all objectives of mission G without
any serious violation of mission constraints and guidelines. The nominal
fuel reserves for each day are within the SPSAVbudget including con-
tingency allowances. The length of each daily launch window is well
above the minimumrequirement (2.5 hours).

A 26° launch azimuth range was chosen for each launch date except
September16, 1969. Onthis date the declination of the moonexceeds
the earth parking orbit inclination for launch azimuths around 90° . No
coplanar TLI free return solutions exist for this situation; therefore,
the launch windowwas limited to a 14° range (72-86°). This provides a
window duration of over 3.5 hours, well above the 2.5 hour minimum
requirement as mentioned earlier.

Although the launch window could have been extended to 98° by
performing a plane change at TLI, this would have resulted in the
irregular behavior of many trajectory parameters and would have required
a complete alteration of the present MSC/MSFClaunch vehicle targeting
scheme. Also, this increase in the window (from 86 to 98°) would have
extended the launch window duration by only about 45 minutes.

Although none of the missions violate any "hard" mission constraints,
there are somemissions during this period which have someundesirable
features and someinteresting characteristics which should be noted.
There are also someareas which need further investigation, such as the
vehicle attitudes during somemission phases and how these attitudes
affect the communications.

Oneundesirable feature of the August and Septemberwindows is the
necessity of night launch. Pacific injection would have resulted in
daylight launch for these missions, but the Atlantic injection was
chosen for spacecraft performance considerations. Particular attention
should be given to the Atlantic injections since the ground support
facilities in this region are somewhatlimited as comparedto those in
the Pacific injection area. The necessity of moving the injection ships
from the Pacific to the Atlantic between the July and August launch
windows also presents a problem. The missions presented in both the
preliminary mission profile and preliminary reference trajectory documents
were designed for Pacific injections.

Also, the total time in earth parking orbit for first injection
opportunity missions in August and September is generally short. For
two of these missions, the mission launched August 21, 1969 along an



azimuth of 98° and the mission launched September16, 1969 along an
azimuth of 86° , this time is slightly less than the minimumrequirement
of 1.4 hours. The times are 1.39 hours and 1.38 hours, respectively.

For missions targeted for the two eastern lunar landing sites,
II-P-2 and II-P-6, earth landing occurs before sunrise. This occurs
on the first two launch days of each month. These dates and the
approximate times between landing and sunrise are as follows:

July 15, 1969: 2 hr

July 16, 1969: i hr

August 14, 1969: 2 hr

August 15, 1969: i hr

September13, 1969: 1.3 hr

September14, 1969: 0.3 hr

The night landing is unavoidable because the local time at a given
landing longitude is dictated by the sun-earth-moon geometry associated
with missions to the more eastern lunar landing sites.
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TABLE II.- LUNAR LANDING SITE COORDINATES

Lunar landing
site number

II-P-2

II-P-6

II-P-8

II-P-13

Selenographic

latitude

2° 45' N

0° 45' N

0° 05' N

i° 30' N

Selenographic

longitude

34 ° 00' E

24 ° i0' E

i ° 00' W

42 ° 20' W

Altitude above

,mean lunar radius,

n. mi.

-0.8180

-1.6630

-0.5075

-1.3283
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TABLE Vlll.- DEFINITION OF SYMBOLS AND TERMS

0

ACLE

ACIS

ALLH

ALLS

ALT

ALTS

APF

APFS

APOS

ATH

AZ

AZE

AZR

AZTD

BA_C

earth-LM-CSM angle

CSM-LM-sun angle

angle between the local horizontal

X-axis and the line of sight to the

vehicle

angle between the line of sight to the

landing site and the X-axis of the

vehicle

geographic altitude

selenographic altitude (measured from

mean sphere )

argument of periapsis, geocentric

argument of periapsis, selenocentric

radius of apoapsis, se!enocentric

angle between the projection of the LM

position vector into the flight plane

of the CSM and the position vector of

the CSM. The mlgle is positive when

the CSM is ahead of the !24.

inertial azimuth

rotational geographic azimuth
i

selenographic azimuth

azimuth at earth landing

burn arc

BETA angle between the projection of the
thrust acceleration vector and the

velocity vector into the local

horizontal plane
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TABLE VIII.- DEFINITION OF SYMBOLS AND TERMS - Continued

BTLH angle between the projection of the

line of sight to the other vehicle into

the Y-Z plane and the local horizontal

negative Z-axis. The angle is measured

positively from the negative Z-axis

toward the positive Y-axis.

BTLS angle between the projection of the line

of sight to the landing site into the

Y-Z plane and the negative Z-axis of the

vehicle. Angle is measured positively

from the negative Z-axis toward the

positive Y-axis.

C3TLI vis-viva energy at translunar injection

cutoff (C3), (e.r.)2/hr2

DAZTLI plane change during translunar injection -

the angle between the earth parking

orbit plane and the initial translunar _

trajectory plane

DEC geocentric declination of vehicle

DELV

DEM

characteristic velocity gained during

thrust

geocentric declination of the moon

DEMP

DES

earth-moon plane latitude of the inter-

section of the lunar approach hyperbola

with the lunar parking orbit plane
i

geocentric declination of the sun

DRNL range rate of RANG

DTBURN burn time, sec

DX, DY, DZ components of vehicle velocity in inertial

geocentric Cartesian coordinates

DXL, DYL, DZL components of vehicle velocity in inertial

selenocentric Cartesian coordinates

O
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TABLE Vlll.- DEFINITION OF SYMBOLS AND TERMS - Continued

DXS, DYS, DZS

ECC

ECCS

ENERGY

ENTDT

components of vehicle velocity in

rotational selenographi6 Cartesian
coordinates

eccentricity, geocentric

eccentricity, selenocentric
r

vis-viva energy at translunar injection

cutoff (C3), (e.r.)2/hr2

time from entry to earth landing

ENTRG

EPOI

FUEL

FUEL RESERVE

g.e.t.

G.m.t.

HRS

ID

INC

entry range - range from entry to

touchdown

earth parking orbit insertion

fuel used, ib

usable SPS fuel reserve after transearth

injection, lb"

ground elapsed time (time since lift-off)

Greenwich mean time

hours

mission indentification number. The

first digit indicates the month of

launch, the following two digits indicate

the day of launch (G.m.t.), the next

three digits indicate the launch azimuth,

and the digit following the decimal

indicates the translunar injection

opportunity. (e.g., 20h 072.2 signifies

a February 4 mission with a 72 ° launch

azimuth designed to inject on the second

opportunity.)

inclination of the vehicle flight plane

to the earth equatorial plane
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TABLE VIII.- DEFINITION OF SYMBOLS AND TERMS - Continued

INCS selenocentric inclination of the vehicle

flight plane

INJECTION OPPORTUNITY an indicator: if = i, indicates a

mission designed for a translunar

injection over the Pacific during the

second earth orbit; if = 2, indicates

a Pacific injection during the third
earth orbit.

INMP

LAN

LAP

inclination of the vehicle flight plane

to the earth-moon plane

selenographic longitude of the ascending
node

selenographic argument of periapsis

LAT

LATS

LATTD

LAZ

LIN

LNE

LNS

LOI

LON

LONS

LONTD

LOS

LTE

geodetic latitude

selenographic latitude

geodedic latitude of earth landing

inertial azimuth of launch

selenographic inclination of the vehicle

flight plane

selenographic longitude of the earth

selenographic longitude of the sun

I

lunar orbit insertion

geographic longitude

selenographic longitude

geographic longitude of earth landing

geographic longitude of the sun

selenographic latitude of the earth
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LTS

MASS

MINS

MONTH

0PP

PERS

PLCHNG

PTE

PTH

PTR

R

RA

RAM

RAMP

RAN

RANG

RANGE

RANS

RAS

TABLEVIII.- DEFINITIONOFSYMBOLSANDTERMS- Continued

selenographic latitude of the sun

instantaneous mass of the vehicle,lb

minutes

month of the year

same as INJECTION OPPORTUNITY

period of the orbit, hours

total orbital plane change since thrust

initiation

rotational geographic flight-path angle

inertial geocentric flight-path angle

selenographic flight-path angle

inertial geocentric radius vector

magnitude

inertial geocentric right ascension

inertial geocentric right ascension of

the moon

earth-moon plane longitude of the

intersection of the lunar approach

hyperbola with the lunar parking orbit

plane

I

inertial geocentric right ascension of the

ascending node

range from vehicle to lunar landing site

distance between LM and CSM

right ascension of ascending node in
selenocentric reference

inertial geocentric right ascension of

the sun
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TABLEVIII.- DEFINITIONOFSYMBOLSANDTERMS- Continued

RCX,RCY, RCZ

RMP

RCXis the angle from the LMradius
vector to the CSMflight plane. RCY
is the required LMaltitude increment to
be gained for rendezvous with the CSM.
RCZis the angle from the projection
of the LMradius vector in the CSM
flight plane to the CSMradius vector.

/

selenocentric radius of the intersection

of the lunar approach hyperbola with

the lunar parking orbit plane

RP

RPS

R RATE

SECS

SMA

SMAS

SPSFR

SRANG

TAS

TEl

THETA

TLI

V

radius of periapsis

radius of periapsis in selenocentric

re ference

time rate of change of RANGE

seconds

semimaJ or axis'

semimaJor axis, selenocentric

service propulsion system fuel reserve

at entry

surface range from vehicle to lunar

landing site

true anamoly in selenocentric reference

transearth injection

angle between the thrust acceleration

vector and the local horizontal plane

translunar inJectioD

inertial geocentric velocity vector

magnitude
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TABLEVlll.- DEFINITIONOFSYMBOLSANDTERMS- Concluded

VE

VES

X, Y, Z

XL, YL, ZL

XS, YS, ZS

YEAR

rotational geographic velocity vector
magnitude

rotational selenographic velocity vector
magnitude

componentsof vehicle position in
in@rtial geocentric Cartesian coordiantes

components of vehicle position in inertial

selenocentric Cartesian coordinates

components of vehicle position in rota-

tional selenographic Cartesian coordiantes

calendar year
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(a) Launch time.

1 .- Trajectory parameters as a function of launch azimuth for lift-off on September 15, 1969.
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